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Introduction
Cowpea (Vigna unguiculata (L.) Walp) is widely cultivated and is an important source of food and income for small and medium farmers in the Northeast region of Brazil. Cowpea is the third most economically important crop in the state of Piauí, with an area of 214,137 ha, producing 98,807 Mg of beans, with average grain yield of 461 kg ha -1 (IBGE, 2016) . Moreover, this crop generates nearly 210,000 jobs in this state, whose production can feed more than 3 million people (Freire Filho et al., 2007) . Despite this significant production, the average grain yield of this crop is low, especially due to the low fertility, and lack of adequate fertilization management of the soils in which it is planted.
Fertilization management is determinant
for the nutritional balance of crops, with consequent increase in grain yield and nutritional value. When the plant has a nutritional deficiency, it expresses this imbalance by visual symptoms, which are mainly shown by alterations in its leaves, such as changes in color and size, since most of the physiological and biochemical activities of the plant occurs in them (Ramos et al., 2009 
Material and methods
The experiment was conducted in a greenhouse with 50% luminosity at the Federal University of Piauí, in Bom Jesus-PI (09º04'28"S, and a nutrient solution containing all these macronutrients and micronutrients (Hoagland & Arnon, 1950) as control.
Four seeds were sowed per pot and the seedlings were thinned to one plant per pot, using Leonard pots made from pet bottles.
The substrate used was sand, which had been The roots were separated from the shoots to determine their volume, which was measured by water displacement in a graduated cylinder.
The shoots and roots were dried in a forcedair circulation oven at 65 °C for 72 hours to determined their dry weights.
The data were subjected to analysis of variance and the means were compared by the Skott Knott test at 5% probability, using the Sisvar software (Ferreira, 2014) .
Results and discussion

Vegetative growth
Plants subjected to nitrogen deficiency showed lower plant height compared to the other treatments, with a 65% reduction when compared to the control (Table 1 ). Nitrogen acts on ionic absorption, photosynthesis, respiration, and cell multiplication and differentiation, increasing vegetative growth, biomass accumulation, and leaf area (Malavolta, 2006) . In addition, N is the most absorbed nutrient by cowpea plants and has the greatest effect on the crop development (Miranda et al., 2017) . The number of leaves reduced significantly in plants subjected to N, P, or Mg deficiency compared to the control (Table 1) .
These nutrients are directly linked to important processes to plant development, such as ATP synthesis, respiration, photosynthesis, chlorophyll formation, enzymatic activation, ionic absorption, and energy transport (Malavolta, 2006) . The reduction in number of leaves is also linked to the existing synergistic interaction between these nutrients (Malavolta, 1980) , since the absence of one can compromise the efficiency of the absorption of the other, limiting vegetative growth.
The steam diameter, leaf area, and root volume of plants with N, P, K, Ca, or Mg deficiency reduced when compared to the control (Table   1) . A study carried out with common bean crops subjected to macronutrient deficiency showed decreases in leaf area (93%) and stem diameter (32%) of plants due to phosphorus deficiency (Leal & Prado, 2008) . Ca is one of the most limiting nutrients to root development (Malavolta, 1980) ; it decreased the root volume in 75% when compared to the control. Table 1 . Plant height (PH), stem diameter (SD), number of leaves (NL), leaf area (LA), root volume (RV), shoot dry weight (SDW), root dry weight (RDW), and total dry weight (TDW) of cowpea plants of the BR17-Gurguéia cultivar grown under deficiency of macronutrients. Means followed by the same letters do not differ by the Scott-Knott test at 5% probability. * = p < 0.05; CV = coefficient of variation.
Reductions in the variables of plants subjected to K deficiency can be explained by the interaction of this nutrient with others;
for example, K is involved in the beginning of the metabolic processes of N-incorporation of mineral N, and nitrate reduction.
The absence of any of the macronutrients, except S, decreased the shoot, root, and total dry weights ( Table 1) . The low biomass production of the plants is probably connected to the growth parameters, since they show the limitations of the initial growth caused by nutrient deficiencies.
Studies on plants treated with absence of nutrients in the nutrient solution showed that N and Ca were the most limiting nutrients to biomass production in cowpea (Miranda et al., 2010; 2017) .
Plants subjected to S deficiency had similar initial growth to those of the control (Table   1) . Probably, this nutrient was supplied through atmospheric deposition. This result was similar those found by Leal & Prado (2008) 
Symptomatology
The initial symptoms of nitrogen deficiency were characterized by the light-yellow green color of mature leaves, which caused a reduction on the development of the plants (Figure 1a ).
This nutrient is the main constituent of proteins, nucleic acids, phytohormones, and secondary metabolites (Malavolta, 1980) , especially the chlorophyll, which is a green-color pigment that is indispensable for the photosynthesis process.
The plants subjected to P deficiency These symptoms were due to the functions of K in the plant, especially the osmotic potential regulation, and enzymatic activation (Malavolta, 2006) . The necrosis in the leaf edges shows the water unbalance of the plant, which is initially seen in the region where most of the stomata are concentrated. 
